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Abstract 
Based on finite-difference-time-domain method, we have shown that the transmission of TE polarization is affected 
with the geometrical parameters of one-dimensional metallic grating with subwavelength slits at the wavelength 
range from visible to near-infrared light. The increase of the dielectric refractive index of slits and the slit width leads 
to the redshift of the position of the peaks in transmission spectra, but the change of the grating period does not affect 
that. By tuning the structural geometry, the polarization independent element can be achieved at Communication 
wavelength. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Extraordinary optical transmission (EOT) though metallic subwavelength structure has been studied 
for a decade since the result was first reported by Ebbesen et al.[1], much interest in EOT has been 
excited because of the potential applications in optics and photonics[2~5]. One-dimensional (1D) metal 
grating was introduced to investigate the underlying physical mechanism because it’s simple structure and 
in which transverse-magnetic (TM) polarization (i.e. the magnetic field parallel to the slits) and 
transverse-electric (TE) polarization (i.e. the electric field parallel to the slits) are decoupled[6,7]. It is 
worth noting that the SERS enhancement dependence on the grating height and incident polarization is 
studied for dual-layer Metallic grating structures, recently [8]. The past works [9~11] show that surface 
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plasmons (SPs) play a key role in EOT process. Because only TM polarized light can excite the coupled 
SPs, TE polarized light was excluded from EOT. As a result, many works paid attention to the 
transmission properties of TM polarization, while TE polarization has received very little attention [12].
Most recently, some works discovered TE polarization can realize an EOT though metallic-dielectric 
structures, such as, Ref [13, 14] have proposed that the addition of a thin dielectric film on the metal 
interface creates a surface wave that allows from EOT in TE-polarization case; Lu et al. [15] demonstrated 
that TE-polarized EOT can be achieved for pure metallic gratings with broad slits. In this paper, the 
dependence of transmittance spectra and transmission mechanism with geometrical parameters are 
demonstrated by using finite-difference-time-domain (FDTD) method [16].Our results are different from 
previous works in several ways: (i) No extra dielectric filler is necessary for the EOT of TE polarization, 
and the periodicity is smaller；(ii) The investigated wavelength range is from visible to near-infrared 
light ponents, incorporating the applicable criteria that follow. 
2. Model and Discussion  
A metallic grating structure considered in this letter is shown in Fig. 1. The grating is illuminated 
by a normally incident TE-polarized plane wave from the left. Periodic boundary conditions are 
imposed on the surfaces in the slits array perpendicular to the Ag film, while perfectly matched layers 
are imposed on the left and right surfaces of the Ag film as shown in Fig. 1. otherwise explicitly 
mentioned, the lattice constant d, Ag film thickness h, the dielectric refractive index of slits nd and the 
slit width a are fixed, where d=750 nm, h=200 nm, nd =3, a=150 nm. The frequency-dependent 
permittivity of Ag between 400nm and 2000nm is taken from the values in ref.[17].
The calculated transmission coefficient through the Ag films with periodic arrays of nanoslits is 
presented in Fig. 2 as a function of the wavelength for different parameters nd and h. With nd=1, the 
transmission is absolutely featureless with increasing incident wavelength in the considered range, but 
Fig.2 presents two transmission peaks and maximal transmission approaches 60％ when nd increases to 2. 
It can be inferred from this figure that the position of the peaks is strongly dependent on the thickness and 
the refractive index of the slits. There are more transmission peaks as nd further increases, and the peaks 
redshift is obvious. Maximal transmission closes to 1 when nd=3. Fig.2 shows that each curve has a 
cutoff wavelength, i.e., the maximum wavelength for propagation. 
The influence of slit width a on the position of transmission peaks is also investigated. Assuming 
that refractive index of slit is fixed at a value of 3, and the slit width varies from 100 to 300 nm, the 
calculated transmission coefficient is plotted in Fig.3, from which we can see that the position of the 
peaks are strongly dependent on slit width. This result is different from that of Ref.[14].
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Fig.1 Schematic diagram of a lattice of the slit Ag grating for 
a TE-polarized plane wave at normal incidence. 
383Hua Li and Bing-Can Liu / Procedia Engineering 29 (2012) 381 – 385 Hua Li, Bing-can Liu / Procedia Engineering 00 (2011) 000–000 
To obtain a rough estimate of the wavelengths of possible trapped electromagnetic modes in the 
system, we use the trapped mode equation as follows [15, 18]:
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ε   is the dielectric constant of slits, and ,...2,1, =nm nm,λ   is the admissible values of wavelengths 
inside the grating. Eq.(1) clearly shows that an increase in a or h causes a decrease in the left hand side, 
and more trapped-resonance modes emerge in deeper gratings, as the curve of h=500 nm shown in Fig.2. 
The wavelengths corresponding to the maximum of the transmission coefficient are redshifted as 
compared to the estimated values. The redshift can be explained by spreading of the trapped modes into 
the vacuum due to a finite thickness of the grating and Ag cannot be considered a perfect conductor in the 
investigated wavelength range, but Eq.(1) is established on the basis of the theory of planar-mirror  
waveguides.  
Eq.(1) represents nm,λ  is independent of the grating period. This is verified in Fig.4, which shows the 
transmission for the grating structure with the period d varying from 650 to 950 nm, and other parameters 
nd=3, a=150 nm. As we can see from Fig.4, the change of the grating period does not affect positions of 
the peaks in the transmission coefficient. This points out that the grating openings can be regarded as an 
ensemble of independent emitters. Additionally, due to the decrease of the density of openings as the 
grating period increased, the overall values of the transmission coefficient decrease, as shown in Fig.4.  
Fig. 2 Transmission through the Ag films with periodic arrays of nanoslits 
versus incident wavelength for different parameters nd and h
Fig.3 Transmission versus incident wavelength for different a.
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The previous analysis shows that polarization independent wavelength filters can be achieved by 
carefully designing the structural geometry. Fig.5 shows the transmission versus wavelength for TE and 
TM polarization in the same structure with the parameters nd=3, a=250 nm, d=750 nm, h=200 nm. 89% 
and 74% of incident light can be transmitted through the grating at a wavelength of 1550 and 921nm for 
50% TE and 50% TM polarizations, respectively. This feature shows potential applications in 
polarization-independent elements. 
3. Conclusion  
In conclusion, we have investigated the transmission characteristics of TE polarization through 1D 
metallic grating at the wavelength rangeing from visible to near-infrared light by using FDTD method. It 
is found that the position of the peaks in transmission spectra redshift because of the increase of the 
dielectric refractive index of slits and the slit width, but the change of the grating period does not affect 
that. The polarization independent element can be achieved at Communication wavelength by choosing 
the structural geometry. 
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